Alport's syndrome"3 is clinically characterised by the familial occurrence of progressive, haematuric nephritis and sensorineural deafness in which the renal prognosis is better in female patients. Ocular features most frequently described include lens abnormalities4 characterised by lenticonus37 and cataract, central and midperipheral retinal flecks,8'7 and comeal arcus. 67 'F18 Most previous ophthalmic reports have tended to concentrate on an isolated ocular manifestation of this syndrome. This paper describes the detailed ocular findings in 16 patients who have been treated in the Renal Departments at Guy's Hospital and attempts to differentiate the nonspecific from the specific ocular features that occur in this syndrome.
Patients and methods (Table 1) The diagnosis of Alport's syndrome was based on the presence of chronic renal failure and the presence of bilateral sensorineural deafness which in most cases was confirmed by audiometry. Twelve patients had a positive family history of renal disease, and all cases except 2 (patients 5 and 11) had suffered from hypertension in the past, which was controlled at the time of examination. The average age at examination was 24 years (range 16-39 years) , and the average age at which renal failure necessitated maintenance dialysis or renal transplantation supervened (13/16 patients) was 21 years (range 13-35 years). Nine of these patients at the time of examination had a renal transplant which had been successfully functioning for an average 4 years (range 6/12-7 years), whereas the remaining 4 were on maintenance dialysis. All except one of the latter group had renal transplants which were either successful or had subsequently rejected, and consequently 12 of the whole group had been on immunosuppressives and systemic steroids in the past.
One patient had associated macrothrombocytopenia. 19 Ocular examination included subjective and objective refraction with best visual acuity and biomicroscopy of the anterior segment. The posterior segment was studied by both indirect ophthalmoscopy and by biomicroscopy with a fundus contact lens. Fundus photography was undertaken in 12 patients and fluorescein angiography in 7 selected cases. An electroretinogram (ERG) was recorded in both light and dark adapted states using skin electrodes in 5 patients with a flash intensity of 0-2 Joules and a recording band width of 1 to 100 Hz. An electrooculogram (EOG) was recorded in 4 patients after dark adaptation and during light adaptation to obtain maximum light: minimum dark ratios. Serum triglycerides, cholesterol, vitamin A and plasma amino acid levels were measured after an overnight fast. 493 were examined, and in one case this was the only means of seeing the flecks. The remaining 4 patients showed more profuse macular flecks which were found in an oval distribution, the widest radius being horizontal and beginning 0 5-0*6 mm from the foveal pit, tending to spare the foveolar and central parafoveal region. These flecks were a pale yellow colour, round, 20-5 um diameter, and on biomicroscopic examination appeared in the innermost layer of the retina. The flecks in patient 10 extended 1'2 mm horizontally find 1-0 mm vertically from the foveal pit, whereas tho;e in patients 6, 8, and 16 extended 2'0 mm from the foveal pit and further in the temporal region. The latter 3 patients had more profuse flecks. Patient 4 had the most florid picture ( Fig. 2A ), in vessels appearfocally attenuated in places and there is an irregularfine spotty hyperfluorescence in the nasal which the flecks had a less regular outline, were up to 100 gm diameter and became confluent in parts. They were more extensive, appearing within the central parafoveal area, and extending much further peripherally. Occasionally flecks in cases 4 and 6 formed horizontal linear streaks in the nasal macula and almost vertical linear streaks in the temporal macula, both showing conformation to the nerve fibre layer distribution ( Fig. 2A) . In general the flecks tended to spare the retinal vessels, but in case 6 and particularly in case 4 some flecks were seen lying anterior to the vessels ( Figs. 2A, 3 ). In each case the appearance of the flecks was symmetrical, although some cases showed a slightly denser distribution on one side.
The macular flecks in general appeared to transmit fluorescence from both the choroidal and retinal vasculature, though in some places the angiographic appearance of the retinal vessels appeared focally attenuated by the flecks (Fig. 2B ). In addition there were a few areas of masking of background choroidal fluorescence corresponding to the flecks, though this was usually difficult to identify amid the normal mottled appearance of the choroidal vasculature. One case displayed a bilateral irregular fine spotty hyperfluorescence particularly in the nasal parafoveal area (Fig. 2B) .
Flecks in the midperipheral fundus were seen in 9 patients. These were profuse small round lesions in 4 cases, and in 5 cases they were prominent and tended to form irregular circular coalescences of 250-500 ,um diameter which showed a tendency to be elongated radially (Figs. 4A, B) . In the five patients who displayed both macular and coalesced midperipheral flecks there was an intervening ring area in which flecks were both less dense in distribution and less visible. No flecks were seen anterior to the equator. The peripheral flecks tended to spare the retinal vessels and could rarely be seen overlying them, but owing to the thinness of the retina in this region it was impossible to determine in which layer they lay. Fluorescein angiography of the midperipheral area showed in some photographs a widespread spotty hyperfluorescence which did not appear to correspond with the flecks (Figs. 5A, (Fig. 4C) . Macular flecks in Alport's syndrome were first recorded by Castleman and Kibbee48 and later characterised by Peterson and Albert'0 as a few flecks in the perifoveal region and by Polak and Hogewind" in a much more profuse distribution around the fovea which they considered to lie at the level of the internal limiting membrane. Fluorescein angiography of the macular region has been reported as always normal." 3 Reports of flecks in the mid periphery are less frequent.8'0 14 'S Peterson and Albert'0 described multiple small peripheral flecks which they considered to he in the pigment epithelium, and on fluorescein angiography they found tiny hyperfluorescent window defects. This angiographic appearance was confirmed by others,'5 and the authors of both studies suggested that there was a widespread disturbance of the retinal pigment epithelium. These findings are in accord with this study but were not seen by others.'4 The combination of both macular and peripheral flecks has only been described in 3 patients. '0'4
The distribution of the macular flecks appears to conform with the thickness of the internal limiting membrane (ILM). Foos49 found that both the thickness and the variation in thickness of the ILM increased progressively from the basal zone towards the posterior zone. At the origin of the foveal clivus in an area 1 5 mm in diameter the ILM gradually thins to 0-2 ,um or less at the fovea.50 Furthermore the ILM is reduced to as little as 0 5 um over retinal vessels.5' The flecks may also be related to the different underlying glial cells, Muller cells producing thick basement membrane and other astrocytes producing thin basement membrane.52 The distribution of the coalescences of the peripheral flecks is difficult to explain. However, the only anatomical correlate is the choroidal lobular vasculature,53 and in Fig. 4B can be seen a presumed choroidal infarct of similar dimensions to the coalescences. Fluorescein angiographic studies in the mid peripheral region in an area of relative choroidal hypoperfusion show the choroidal lobular filling pattern well (Figs. 5A, B) . However, the coalescing flecks do riot appear to bear any relationship to these. The lack of correlation between the presence of the macular and peripheral flecks suggests that they might have a separate pathogenesis.
Several authors have previously commented upon a weakened macular reflex,' 13 Macular flecks have been detected in patients whose renal function at the time of examination was normal but who many years later developed renal failure. 13 The appearance of the flecks bears a remarkable resemblance to many earlier reports of fundus albipunctatus,72 which may be stationary without any symptoms, or with stationary night blindness, and in which abnormalities of the ERG and EOG are inconstant. In this disorder the visual acuity is normal or near normal, and the flecks lie in the macular region, generally sparing the fovea and extending towards the equatorial region. It is concluded therefore that the diagnosis of fundus albipunctatus should not be made in the absence of a full renal investigation and audiometry. The diagnosis of Alport's syndrome can be made on the presence of one of 3 characteristic features. These are anterior lenticonus, macular flecks at the level of the ILM, and peripheral coalescing flecks conforming to Fig. 4 . However, the absence of these features does not exclude the diagnosis. Other ocular features occur less regularly and are not specific. It seems likely that Alport's syndrome is due to a widespread defect of certain basement membranes which is irregularly clinically manifest. Further studies into the morphological, biochemical, and biophysical properties of these important extracellular matrices are required. The lens capsule is not only the thickest basement membrane in the body but also the one most easily isolated (for review of this subject see Heathcote and Grant84). Cataract 
